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MATHEMATICAL GEOLOGY. 

Popular Lectures a?id Addresses by Sir William 
Thomson (Baron Kelvin), P.R.S., LL.D., D.C.L., (Pc. 
In three volumes. Vol. II. “Geology and General 
Physics.” With illustrations. Nature Series, pp. 
x. + 599, with index. (London and New York; Mac¬ 
millan and Co., 1894.) 

HIS handy republication of the lighter scientific 
utterances of Lord Kelvin was begun in 1889, with 
the volume reviewed in Nature (vol. xl. p. 433), was con¬ 
tinued in 1891, with a volume on “ Navigational Affairs,” 
and is now concluded for the present by a volume, 
nominally the second of the series, which deals mainly 
with Geological Dynamics, or the application of the 
physical sciences to the past history of our planet, and 
likewise includes such later addresses on general physical 
topics as were not included in the volumes already 
issued. 

The preliminary remarks appropriate before reviewing 
utterances of leaders in science, were made in connection 
with the first of the series (vol. xl. p. 433), and need not 
now be repeated; we will enter straight upon a sum¬ 
mary, and perhaps an occasional slight criticism, of the 
contents. 

The first paper is a little article on dew, wherein it is 
pointedoutthat the protectiveaction conspicuously exerted 
on vegetation by invisible aqueous vapour is due not to its 
“athermancy,” as Tyndall imagined, and as text-books 
teach, but to its infinite heat-capacity. The temperature 
of bodies which cool only from the surface cannot fall 
below the point at which dew is being deposited upon 
them; and naturally the moister the air the higher is this 
said point. 

Then comes a brief note, a kind of text or starting- 
point for many subsequent addresses, in which the 
extreme doctrine of geological uniformity is briefly 
refuted. The refutation consists in the simple arith¬ 
metical calculation, that if the observed gradient of 
temperature in the earth’s crust had been uniform for, 
say, twenty thousand million years back, the amount of 
heat that must have flowed out from it into space in that 
time would be enough to heat the whole earth ten thou¬ 
sand centigrade degrees, unless it were made of material 
very different from surface rock, or unless fresh quantities 
of heat had been generated by chemical action. In any 
case, allowing for these possibilities to the uttermost, the 
past temperature would have been at some such date 
so excessively high that ipso facto no approach to uni¬ 
formity of other conditions could possibly be maintained 
or contemplated. 

In this simple argument the “mathematics” is but 
little more severe than that needed in what the author 
later on (p. 240) calls “ a simple effort of geological cal¬ 
culus,” whereby it is estimated that 1° per 30 metres is 
the same as 1000° per 30,000 metres ; or (a fairer com¬ 
parison) that quoted on p. 86, that a deposit at the rate of 
one inch per century demands ninety-six million years for 
the deposition of the stratified rocks ; yet the simple 
argument may well be held as more conclusive and 
NO. I2gi, VOL. 50] 


289 


convincing than an appeal to Fourier and the laws of 
distribution of temperature in a cooling sphere. For this 
reason: an immediate application of Fourier to the 
gradient of temperature observed in the earth's outer 
skin is liable to all the uncertainties attaching to very 
violent extrapolation both in space and time; it has to 
assume that the sole operative cause is conduction of 
heat, and always has been conduction of heat, up to a 
certain past date deduced from the data as the era of 
reckoning. 

Now, it is quite possible to hold that the main mass of 
the earth consists of metal, chiefly iron, and that the 
heat, observed in the damp skin or coat of rust on which 
we live and into which we bore, is being generated de 
novo by the rusting action still going on. 

The heat generated by the oxidation of a pound of 
iron is (I estimate) sufficient to warm an equal mass of 
rocky material something like three thousand centigrade 
degrees ; so that small confidence can be felt, by those 
who are impressed with the probability of a meteoric 
view of the earth’s origin, in refined calculations as to 
successive distributions of temperature in a simply 
cooling globe started in a molten condition and left to 
radiate into space undisturbed. 

But it is to be observed that the argument of Lord 
Kelvin contemplates the possibility of fresh generation 
of heat, but maintains that nevertheless at some by no 
means infinitely distant date the obvious physical con¬ 
ditions of the earth’s surface must have been extremely 
different from what they are now. 

The doctrine of extreme uniformity, which at one time 
was undoubtedly held by some leading geologists, is now 
however abandoned, a result due most likely in large 
measure to the author’s calculations and reiterated argu¬ 
ments ; and the only reasonable hesitation which can now 
be felt is as to how far the numerical data available, 
from observations hitherto made in the earth’s outer 
skin, are sufficient for fixing an upper limit to the age of 
the earth: especially since these underground ther¬ 
mometer-readings are likely to be disturbed by local 
and by general chemical action at considerable depths. 

The author suggests borings in the African deserts, 
where moisture is less prevalent than elsewhere, and it 
may be that observation of underground temperature 
there conducted will be productive of valuable infor¬ 
mation ; but it is unlikely that these data have already 
been obtained. 

Whatever hesitation may still rationally be felt as to 
the acceptance of the author’s numerical estimate of the 
earth’s age—and he is careful to allow ample margin 
when he extends the more strictly estimated ten million 
into a possible hundred million years—yet the reception 
of his calculations by contemporary pateontological and 
stratigraphical geologists, as summarised in a controver¬ 
sial address on Geological Dynamics in this volume, will 
probably be surprising to a more fully informed posterity. 
Instead of heartily welcoming fresh light on the subject 
of the earth’s past history, from an unexpected quarter, 
they seem to resent interference from what they are 
pleased to consider “ outside,” and their most able 
advocate, Prof. Huxley, accepts a brief to repel the 
intruder. 

The quotations made by Lord Kelvin from Playfair, 
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from Lyell, from Darwin, and from writers of text-books, 
are evidences of the natural though exaggerated re¬ 
action into scientific uniformitarianism, from the ancient 
legendary prescientific cataclysmal period, when every¬ 
thing was done in a hurry, and a week was an epoch of 
serious moment in the earth’s history. In the reactionary 
period, on the contrary, it was customary to airily postu¬ 
late a few thousand million centuries for any particular 
achievement; geologists then drew upon “ a practically 
unlimited bank of time, ready to discount any quantity 
of hypothetical paper.” Lord Kelvin by physical reason¬ 
ing recalled them from this unnecessary vagueness, and 
put into their hands new data, ascertained by observation 
of the earth’s crust of just as close and valid a character 
as any inspection of strata or classification of fossil 
remains, but of a kind more immediately amenable to 
mathematical calculation ; he called for more data from 
observers, and meanwhile treated in the light of present 
knowledge the data already available, just as the observ¬ 
ing geologists had endeavoured to treat ordinary strati- 
graphical facts in the light of what they perceived to 
be at the present time occurring near river-mouths and 
coast-lines. 

And in thus discussing and drawing deductions from 
terrestrial data, Sir Wm. Thomson was a true geologist. 
If researches and discoveries concerning the past history 
of the earth, in respect of age and temperature and 
physical condition and length of day and exposure to 
sunshine, are not geology, it is difficult to adduce 
anything that has a right to that title. Yet Prof. 
Huxley, in a peroration to an address to the 
Geological Society of London in 1S69, on the sub¬ 
ject of Sir Wm. Thomson’s address to the Glasgow 
Society the year before, speaks of “ the cry for reform 
which has been raised from without,” says “ the case 
against us has entirely broken down,” and concludes 
with the comfortable assurance: “ we have exercised a 
wise discrimination in declining to meddle with our 
foundations at the bidding of the first passer-by who 
fancies our house is not so well built as it might be.” 

And another more astounding but very' characteristic 
sentence occurs in an earlier part of this forensic 
speech :— 

“I do not suppose that at the present day any geologist 
would be found to maintain absolute uniformitarianism, 
to deny that the rapidity of the rotation of the earth may 
be diminishing, that the sun may be waxing dim, or that 
the earth itself may be cooling. Most of us, I suspect, 
are Galiios, ‘who care for none of these things,’ being of 
opinion that, true or fictitious, they have made no 
practical difference to the earth, during the period of 
which a record is preserved in stratified deposits.” 

This attitude of “not caring” for the results of scien¬ 
tific investigation in unpopular regions, even if those 
results be true, is very familiar to some of us who are 
engaged in a quest which both the great leaders in the 
above-remembered controversy agree to dislike and de¬ 
spise. It is an attitude appropriate to a company of share¬ 
holders, it is a common and almost universal sentiment 
of the noble army of self-styled “practical men,” but it 
is an astonishing attitude for an acknowledged man of 
science, whose whole vocation is the discovery and 
reception of new truth. 
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Certain obscure facts have been knocking at the door 
of human intelligence for many centuries, and they are 
knocking now, in the most scientific era the world has yet 
seen. It may be that they will have to fall back dis¬ 
appointed for yet another few centuries, it may be that 
they will succeed this time in effecting a precarious and 
constricted right of entry; the issue appears to depend 
upon the attitude of scientific men of the present and 
near future, and no one outside can help them. 

I admit that it savours of presumption even to quote in 
a critical spirit from the utterances of a man of Prof. 
Huxley’s eminence, a man who fought with surpassing 
eloquence and vigour the battle of free and open inquiry 
into the facts of the universe before most of us had cut 
our wisdom teeth; but having been guilty of such an act 
of presumption, I propose to cap it with another : I shall 
take permission to say how cordially we recognise the 
immense service to truth and progress which has been 
effected by those gladiators who, in despite of fierce hos¬ 
tility, and in face of deadly odds, encountered and over¬ 
came the forces of superstition and won for us who follow 
so great a measure of freedom and friendly countenance 
as we now enjoy. 

It requires an effort of imagination now, or a visit to 
some stagnant country town, to realise the strength 
of prejudice which the evolutionary spirit of science 

ad at one time to encounter. It would ill beseem 
us who are enjoying the peaceful outcome of this 
struggle to regard with other than the deepest honour 
those veterans who bore the burden of the fray, even 
though they sometimes display their fighting front to 
a left wing of earnest investigators who come heavily 
marching over the bog and swamps not far removed from 
those into which the conquered hosts retreated. The 
morass is difficult and treacherous—it may once more be 
overwhelming—but if ever secure foothold is gained, and 
the mud on our clothing has time to dry, the veterans will 
recognise their own colours and not the colours of their 
former foes. 

Returning to our immediate subject, I pick out from 
the address on Geological Time the following interesting 
points. The tides are a case of forced vibration in 
which the natural period of free swing is longer than 
that corresponding to the forced period; consequently, 
but for friction, the tidal humps are at right angles to the 
line of tide-generating force. Were the free period shorter 
than the forced, the tidal humps would be in the line of 
force, again excepting friction ; and were the two periods 
the same, the tidal humps, but for friction, would be in¬ 
finite. The fact that the natural or free period is longer, 
not shorter, than the lunar or solar day period, as well 
as the bare fact of appreciable friction itself, are proved 
by a delay in the occurrence of spring-tide, which again 
establishes the fact that the lunar tide is more accelerated 
by friction than is the solar tide; the solar being of 
slightly shorter period than the lunar, and therefore 
slightly more discordant with the natural swing. 

The effect of friction is to accelerate the tidal phase, 
and by this acceleration its amount can, or could if the 
data were good enough, be estimated. It is equivalent 
to a friction brake applied to the equator, and tightened 
till it requires a total tangential force equal to the 
ordinary weight of four million tons to hold it still. 
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Or, if the earth be supported like a terrestrial globe 
by a polar axis loo miles in diameter, that axle must 
be clamped and subjected to a tangential drag of 320 
million tons in order to represent the energy dissipated 
by tidal friction. 

Given this gigantic retarding “ couple,” it is surprising 
to remember how slow the consequent lengthening of the 
day actually is ; that the earth, in fact, lags behind a 
perfect time-keeper only an accumulated few seconds— 
the estimate in this book is the rather high one of 
twenty-two seconds—in the course of a century, i.e. in 
the course of 36,500 rotations. 

To test or detect this retardation by direct observa¬ 
tion is, as is well known, very difficult, because the only 
other time-keeper available for purposes of comparison 
is the moon, and she is a very bad and complicated one. 
Only by efforts of great genius has the astronomical 
discovery of the diminishing speed of the earth’s rota¬ 
tion been made ; but if astronomical clocks were as per¬ 
fect as Lord Kelvin thinks they ought to be, the observa¬ 
tion would be comparatively easy. He looks forward to 
a time when clocks will not be set by the stars, as at 
present, but when the earth’s motion will be rated by a 
standard clock of extraordinary perfection. At present, 
or at least in 1868, “ astronomical clocks are just as 
great a disgrace to the mechanical genius of Europe 
and America as chronometer watches are a credit.” 

(Incidentally a curious statement is made as to the 
feasibility of working coal at enormous depths, in spite of 
the presumably high temperature there —“ Suppose there 
was coal, or rather charcoal, where the strata were 
red hot, it might be gone into, and that with perfect 
ease. All that is necessary is plenty of ventilation” : the 
ventilation being conducted on the freezing-machine 
principle of adiabatic expansion of previously com¬ 
pressed air.) 

Other causesaffecting the rate of the earth’s rotation are 
likewise considered, such as the deposition of meteoric 
dust, the redistribution of polar ice and equatorial water, 
the shrinking of the earth by cooling. If meteoric dust, 
without initial moment of momentum, were deposited at 
the rate of one foot in 4000 years it would produce 
the observed retardation, and likewise the acceleration 
of the moon’s mean motion, without aid from the tides. 
On the other hand, any redistribution or accumulation 
and dissipation of polar ice must be a periodic pheno¬ 
menon, and therefore, though it may exert a distinct 
effect for some cycles of years, disturbing calculations of 
eclipses and such like, yet in the long run it must inte¬ 
grate out and be inoperative. As to the accelerative 
influence of thermal contraction, it is believed by the 
author to be extremely small, probably not the 1/6000th 
part of that due to tidal friction. 

Concerning the probable antecedent condition of the 
matter which has fallen together to make the earth, it is 
interesting to note (p. 121) that “any great degree of 
relative motion of different portions of matter through 
space renders the chance of their hitting one another very 
small ”; it is probable, therefore, that the heat developed 
by the falling together of the earth’s materials arose 
simply from their gravitative potential energy, which is 
fairly calculable, and not from vague stores of unknown 
initial motions. 
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On p. 185 a statement is made with respect to Helm¬ 
holtz’ theory of solar heat, to the effect that “this con¬ 
densation can only follow from cooling.” It is rash to 
question a statement allowed to stand by this author 
after revision, but perhaps he would look at it again. 
Surely condensation can, under some conditions, not 
only generate heat but also elevate temperature ? 

Towards the end of a Presidential address delivered 
to the British Association at Edinburgh in 1871, the 
author, while quoting with “ cordial sympathy ” a 
couple of sentences from “ The Origin of Species,” 
on the subject of biological evolution, omits an inter¬ 
vening sentence “ describing briefly the hypothesis 
of { the origin of species by natural selection’ because 
[he] had always felt that this hypothesis does not 
contain the true [i.e. doubtless the complete] theory 
of evolution ... in biology. Sir John Herschel, in 
expressing a favourable judgment on the hypothesis 
of zoological evolution . . . objected to the doctrine 
of natural selection, that it was too like the Laputan 
method of making books [which it may be recol¬ 
lected was something like this : haphazardly composing 
all the type available, and hoping that of all the random 
statements thus made the fittest might survive] and that 
it did not sufficiently take into account a continually 
guiding and controlling intelligence. This seems to me 
a most valuable and instructive criticism.” 

Eliminating the slightly anthropomorphic mode of ex¬ 
pression from one sentence of this quotation, it illustrates, 
what is certainly the truth, that to the interested on¬ 
lookers from other sciences there already seemed cogent 
need of a supplement to the fraction of truth contained 
in Natural Selection, a supplement involving some such 
treatment of the Origin of Variations as is now attempted 
in Mr. Bateson’s recent work. 

In an address to Section A, at Glasgow, 1876, the 
author goes back to geology and considers the question 
of a possible shift of the earth’s polar axis and of possible 
temporary alterations in the length of the day, while he 
entirely repudiates and demolishes the view that the 
earth’s interior can be mainly or even largely liquid. 
His conclusion from the whole of tidal phenomena is 
that the earth is now extremely rigid and must be practi¬ 
cally solid all through. 

He nevertheless contemplates with equanimity New¬ 
comb’s bold hypothesis, based on the lunar theory and 
on apparent irregularities in the moon’s motions, that 
the earth actually went slow and lost seven seconds 
between 1850 and 1862, and then went fast and gained 
eight seconds from 1862 to 1872. Lord Kelvin tentatively 
explains the conceivable possibility of this acceleration 
by possible changes in the earth’s shape, as detectable by 
changes in sea-level. 

“A settlement of 14 centimetres in the equatorial 
regions, with corresponding rise of 28 centimetres at 
the poles (which is so slight as to be absolutely undis- 
coverable in astronomical observatories, and which would 
involve no change of sea-level absolutely disproved by 
reduction of tidal observations hitherto made), would 
suffice. Such settlements must occur from time to time ; 
and a settlement of the amount suggested might result 
from the diminution of centrifugal force due to 150 or 
200 centuries’ tidal retardation of the earth’s rotational 
speed.” 
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A paper on Geological Climate continues what we 
are treating as the geological portion of the volume 
under review. One of the chief subjects therein discussed 
is the probable cause of the warm Arctic elimate once ex¬ 
perienced, so that not only are remains of forest trees 
found within fifteen degrees of the North Pole, with 
every evidence of their having grown there, and that not 
so very long ago, but the return of the Arctic expedition 
in 1876 brought “evidences of a very warm climate, 
probably as warm as we have it now in the tropics, 
within nine degrees of the North Pole” ! 

For explanation, at any rate of the more moderate pine- 
forest temperature, we are told to look in the direction 
indicated by Lyell’s twelfth chapter, viz. to a redistribu¬ 
tion of land and water. 

The Arctic Ocean is a land-locked sea, and the effect 
of the surrounding coasts is to hem the ice in and prevent 
free oceanic circulation, while the land itself serves to 
receive and accumulate snow - wherewith to load the 
neighbouring sea with a thin layer of surface ice. 

But now lower the land 2000 feet: the sea would 
be open, but for a few islands, and the water would be 
deep enough for plenty of warm currents to flow in, 
sufficient to clear the ice away and keep it clear. Even 
now the ice seems to be only 5 feet thick, evidently melt¬ 
ing away underneath. It is asserted that the climate of 
a small island in an iceless circumpolar sea would be 
probably “temperate and free from frost except in 
hollows.” Considering all the defences, the heat- 
capacity of moist air, the formation of dew, and so on, 
it appears that the same defences as protect a large 
continent in temperate zones from destructive cold 
during a summer night, would “ prevent even so much as 
hoar-frost on a small island at the very pole during its 
whole winter six months’ night, if it were surrounded by 
a deep ocean with no land to obstruct .free circulation 
between it and tropical seas.” 

And in the other direction Lord Kelvin agrees that the 
simplest cause of the glaciation of India is some 15,000 
feet extra elevation. But at the same time “ the astro¬ 
nomical cause invoked by Herschel must have had, and 
must now have, its effect,” the well-known fact, namely, 
of the varying distance of the sun, and the periodic coin¬ 
cidences of its least distance with the northern summer. 
The sometimes postulated shift of the earth’s axis to 
account for changes in climate does not satisfy Lord 
Kelvin; he says that there is no evidence, either 
geological or astronomical, for any considerable shifting 
of the position of the poles. As to the warmer climate 
evidenced all over the earth at one time : underground 
heat is often appealed to, but it is hopelessly inadequate, 
it can never have sensibly influenced the climate during 
the period of the stratified rocks. “ The earth might be 
a globe of white hot iron covered with a crust of rock 
2000 feet, or there might be an ice-cold temperature within 
50 feet of the surface, yet the climate could not on that 
account be sensibly different from what it is, or the soil 
be sensibly more or less genial than it is for the roots 
of trees or smaller plants.” 

The simple and in every way “almost infinitely prob¬ 
able” hypothesis to account for past high temperature is 
a warmer sun. 

Persons who are inclined to imagine a future limit to 1 
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the duration of life on the earth as in any way dependent 
on a failure in the supply of heat from below, will do well 
to note the above strong pronouncement. 

The next essay, on “ The Internal Condition of the 
Earth,” asserts that on the meteoric theory the earth 
would once have been just about molten throughout, by 
reason of the heat of its own formation ; but subsequent 
occurrences must depend on whether solid rock sinks or 
swims in molten rock. Definite experimental information 
on this fundamental point appears to be still wanting, 
but so many facts show that the earth is rigid, that 
practically the author seems to have little doubt but that 
it would sink. He is careful to point out, however, that 
the crude notion sometimes met with of a rise of tem¬ 
perature in arithmetic progression at different depths in 
the crust is certainly false. The law of increase is an 
asymptotic one, and the temperature at the centre need 
not be higher than two or three thousand degrees. He 
denies altogether the intensely high temperature often 
imagined, and thus has no difficulty in accepting the 
solidity and rigidity otherwise indicated. 

Some ingenious arithmetical calculations attempted in 
Dr. Croll’s book on Climate and Time, form the subject of 
the next paper, on “Polar ice-caps and their influence in 
changing sea-levels.” It is interesting to know that if 
the ocean were of quicksilver instead of water, it would 
not spread over the earth as it does, but would accumu¬ 
late itself entirely at one side. The stability of the 
ocean depends on the low specific gravity of sea-water 
as compared with earth. Now, any great piling of 
material over a large area, such for instance as over the 
gigantic Antarctic continent, would have the effect of 
drawing by gravitation some of the ocean toward itself, 
and thereby lowering the sea-level all over the rest of the 
earth. And if the material so piled up were itself ice, 
having been withdrawn by distillation from the ocean 
itself, the fall of level would be greater still. By the 
formation of an ice-cap on the Antarctic continent, twelve 
miles thick, an immense change of sea-level can be pro¬ 
duced ; the amount of lowering thereby caused in 
distant parts of the globe being differently estimated 
as 380 feet, 650 feet, 1140 feet, and 2000 feet. 

But Lord Kelvin denies the possibility of a coat of ice 
twelve miles thick, such as Dr. Croll postulates; the 
pseudo-viscosity of ice forbids it; but suppose it only 
a quarter-mile, suppose the thickness varied by 1200 feet 
from some cause, the area of the Antarctic continent is 
something like j^th of the whole earth, and so, if such a 
coat of ice melted off it, the sea-level all over the world 
would rise twenty-five feet,—sufficient to make many 
important changes. 

The greatest permissible thickness of ice at the South 
Pole seems to be about 18,000 feet, such a height as that 
with a gradual slope could stand ; and a comparatively 
small fluctuation in its thickness would have very im¬ 
portant geological results. What the actual condition of 
affairs now is at the South Pole can only be settled by an 
Antarctic expedition, of which the feasibility and import¬ 
ance are now in some quarters being seriously considered. 
The thickness of the ice-cap would depend on the 
annua] snowfall and on the rate of viscous sliding down. 
The internal heat of the earth has nothing to do with the 
problem—the underground heat could not melt a milli- 
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metre of ice thickness per annum. It is singular that 
an increase in the southern ice-cap tends to increase that 
of the northern also, by lowering the level of the ocean, 
and so retarding circulation. Any cause which lessened 
the Antarctic ice-cap would moderate the rigour of the 
extreme northern climate, and tend to warm the Arctic 
Ocean. 

So much for the first half of the book under review. 
The remaining half will be treated in another article. 

Oliver J. Lodge. 


ELEMENTARY METEOROLOGY. 
Elementary Meteorology. By William Morris Davis, 

Professor of Physical Geography in Harvard College. 

(Boston, U.S.A.: Ginn and Co., 1894.) 

HE necessity for the production of text-books would 
seem to diminish with lapse of time, but the 
examination of publishers’ catalogues discloses no 
diminution in their numbers. If there be any excuse for 
the writing of new text-books in any branch of science, 
it might be found in those at present unformed depart¬ 
ments, like meteorology, where well-directed and syste¬ 
matic inquiry is constantly enlarging the boundaries of 
knowledge by the addition of new facts, or the discovery of 
fresh grounds for the acceptance of facts not yet admitted 
as demonstrated truths. The science of meteorology is 
not like that of mathematics, which immediately displays 
its power, and has nothing to hope or fear from passing 
time ; but appealing as it does to observation and ex¬ 
perience, its progress must be gradual and comparative. 
And if any one be entitled to ivrite text-books, it is those 
who having been engaged practically in teaching have 
felt a particular want to be ill-supplied, and who feel 
themselves qualified by their office and minute acquaint¬ 
ance with the subject to remedy the defect. For these 
reasons we may welcome the appearance of Prof. Davis’ 
work on “ Elementary Meteorology,” which originally 
intended for those engaged in the earlier years of college 
study, and with whom the author has been brought much 
into contact, may well be read by others, who wish to 
keep themselves acquainted with the more recently- 
acquired facts concerning the behaviour and the pro¬ 
cesses of atmospheric circulation. In fact. Prof. Davis 
has had .both classes of readers in his mind, as he has 
prepared this work; and further, recognising how many 
in his own country are more or less intimately connected 
with the national and state weather services, he has 
endeavoured to supply them with a well-digested treatise 
which may be a supplement to the meagre but precise 
instructions issued to observers under official authority. 

It is not to a text-book of this character that one goes 
to learn the present position of the more speculative side 
of meteorology, and since the author excludes from his 
programme purely mathematical discussion, some of the 
more recondite inquiries cannot be treated. The quali¬ 
ties that we should look for in a book intended primarily 
for college students, are exactness of facts and expression, 
lucidity of description, and orderly consecutive arrange¬ 
ment, carrying the student gradually forward to complete 
knowledge of the subject, within the limits proposed by 
the author. And, supposing this to have been the aim 
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of the writer, it seems to have been admirably fulfilled. 
A text-book embracing the views and the experience of 
others cannot hope to be original, but it should be 
thorough, and this on the whole is the opinion we have 
conceived of the book. 

In a few short chapters, we have a description of the 
atmosphere as a whole, and of the forces that are con¬ 
tinually operative, giving rise, by the succession of day and 
night and summer and winter, to vertical interchanging 
currents whose behaviour under varying conditions and 
circumstances embraces the whole province of meteoro¬ 
logy. Having thus prepared the way by sufficient refer¬ 
ence to the physical processes which influence the tem¬ 
perature of the earth as a whole, it might have been ex¬ 
pected that theauthorwould have proceeded naturally to 
the consideration of local temperatures, and a more minute 
division of his subject. But, unfortunately, he delays the 
progress by the introduction of a chapter on the colour of 
the sky. Doubtless the author can defend himself, but 
to us, it appears an interruption of the orderly develop¬ 
ment of the subject, and a defect in the arrangement 
of the work. It is, however, the only distinct blemish to 
which we shall have to refer in the plan and conception 
of the book. We should suspect that the subject of the 
colour of the sky has had great attraction for Prof. 
Davis, and that he has over-valued its importance in a 
book of this nature. But having surmounted that diffi¬ 
culty, there is nothing to stop the consideration of tem¬ 
perature, its measurement, its distribution, and the 
causes affecting its disturbance, either as a whole by 
the obliquity of the earth’s axis, or locally as by ocean 
currents, &c. All this is very admirably arranged; and 
here we may say a word for the sufficiency and clearness 
of the diagrams. Prof. Davis has apparently had access 
to a very admirable and complete collection, and his 
selections are judicious and well illustrative of the points 
under discussion. 

From isotherms the transition to isobars is easy and 
natural, and though we cannot expect anything original 
in the description of a barometer, the quality of thorough¬ 
ness to which we have before alluded is again illustrated. 
The author does not recommend the correction of the 
individual readings of the barometer to the sea-level, a 
practice which is falling more and more into disuse. Un¬ 
fortunately a definition of sea-level, as understood in 
America, is not given, at least where we expected to find 
it. We doubt whether many English readers could 
supply a correct definition, but the expression may be 
perfectly clear on the other side of the Atlantic. 

Proceeding as far as possible with the discussion of 
barometric readings, revealing the varying distribution 
of pressures, the author finds it necessary to introduce 
the subject of the observation and distribution of the 
winds. This we consider absolutely in its right place, 
and assists the gradual progress materially. On the 
subject of the reduction of wind observations the informa¬ 
tion is certainly meagre. Wind observations offer one of 
the most complicated problems in meteorology, one cer¬ 
tainly out of the range of the ordinary college student, 
and this may be a sufficient apology for the author. 
Here, too, we should have looked for some reference to 
the recent work of Prof. Langley, indicative of both the 
difficulty of making exact observations of velocity, and 
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